Introduction: We aimed to evaluate the effects of 7-valent pneumococcal conjugate vaccine on nasopharyngeal carriage of Streptococcus pneumoniae and antibiotic resistance in children in a well-child clinic in a tertiary children's hospital in Turkey. Methodology: We collected nasopharyngeal (NP) specimens from 557 two-month-old babies before vaccination. After the study population had received PCV7, NP samples were obtained from 135 babies. Antimicrobial susceptibility testing and serotyping were performed. Results: S. pneumoniae colonized in 48 (8.6%) of the 557 two-month-old babies before vaccination. The follow-up cohort consisted of 135 subjects. The prevalence of PCV7 strain decreased from 33.3% to 19.3% after vaccination. However, non-PCV7 types increased from 66.6% to 80.6% (p = 0.02). Of PCV7 serotypes, 19F was the most frequent serotype before and after vaccination. There was an increase in 6A and 15 of non-PCV7 serotypes after vaccination. Penicillin non-susceptible increased from 56.3% to 80.6% after vaccination (p =0.03). Serotypes 14, 18C, 9V and 6B, which were identified before vaccination, never colonized afterwards. Number of siblings and having sibling with older age of five were determined to be significant effective factors for SP colonization presence after vaccination and antibiotic use was negatively associated with pneumococcal carriage but associated with penicillin non-susceptibility. Conclusions: Nasopharyngeal carriage rate of S. pneumoniae dropped after PCV7 vaccination, and replacement by NVT pneumococci were also observed. Risk factors for nasopharyngeal carriage included household crowding and having a sibling age five years or older. Penicillin non-susceptibility increased in both VT and NVT strains.
Introduction
Streptococcus pneumoniae (SP) infections are known to be a prominent cause of mortality and morbidity in children under 2 years of age. Because asymptomatic nasopharyngeal carriage of S. pneumoniae is an essential element of the transmission of pneumococcal disease it is important to investigate carriage status for evaluating the effect of new pneumococcal vaccines. Pneumococcal conjugate vaccines (PCVs) are effective against invasive pneumococcal disease and nasopharyngeal carriage of vaccine serotypes (VT) [1] . Because heptavalent pneumococcal conjugate vaccine (PCV7) includes only 7 of the more than 92 pneumococcal serotypes, it has been shown that the prevalence of non-vaccine serotypes (NVTs) among asymptomatic carriers increased after vaccination [2] . Many of these NVT serotypes exhibit lower invasiveness and lower antibiotic resistance [3] . However, concerns have been raised about replacement of vaccine serotypes by nonvaccine serotypes that could be more virulent or more resistant to antimicrobials. In Turkey, the rate of high-level penicillin-resistant Streptococcus pneumoniae (SP) strains was quite low in healthy children [4] . Due to the widespread empirical use of antibiotics, there is a risk that the prevalence of penicillin non-susceptibility among SP might increase.
In 2008, PCV7 was introduced in Turkey with 3 doses + 1 boost dose schedule. Currently, vaccination coverage among children is over 95% [5] . Studies showed that 63-69% of invasive pneumococcal diseases in children under two years of age were caused by PCV7 serotypes [6, 7] . Ozdemir et al. found that the pneumococcal carriage rate was 22.5% and total coverage of vaccine and vaccine-related serotypes by PCV7, was 51.2% before vaccine introduction in healthy infants [8] . In Turkey however there is little published information regarding the effects of the implementation of PCV7 on nasopharyngeal carriage in healthy children. Many of the studies about post-PCV nasopharyngeal colonization were cross-sectional and were done in daycare centers. Prospective studies like ours on serotype changes before and after vaccination are rare [9, 10] . The goals of this study are twofold: first is to determine the changes in SP serotypes and penicillin resistance in nasopharyngeal flora of healthy children before and after vaccination with PCV7, and the second is to evaluate the risk factors for carriage.
Methodology

The sample
Nasopharyngeal samples of 557 children who were followed up in the continuity clinics of Gazi University Medical Faculty were obtained at two months of age, before the first pneumococcal vaccination. Exclusion criteria were hypersensitivity to any component of the vaccine, including diphtheria toxoid. The sample was narrowed in order to cope with the difficulty of following the whole group of babies. This was achieved mainly by selecting the same babies who were colonized before vaccination so that we would be able to keep track of SP clearance and persistence in NP. In an attempt to keep track of SP acquisition, twice the numbers of these babies were randomly selected from among the all study group babies who were not colonized initially. For determining potential risk factors for nasopharyngeal carriage of Streptococcus pneumonia and penicillin-non-susceptible Streptococcus pneumoniae (PNSP) we developed a questionnaire. The questionnaire inquired the following data: age, sex, timing of nasopharyngeal samples, presence of siblings in the household, household size, daycare attendance, history of acute otitis media, and antimicrobial drug use within the month prior to nasopharyngeal samples.
Microbiological analysis
NP samples were obtained trans-nasally, by means of a flexible, sterile, dry cotton swabs. They were kept in Stuart medium at room temperature until they were processed in the microbiology laboratory within 3-4 hours. NP samples were plated onto trypticase soy agar with 5% sheep blood and 5µg/mL gentamycin. The plates were incubated at 37ºC in 5% CO 2 for 24-48 h.
Pneumococci were distinguished from other alphahemolytic streptococci on the basis of colony morphology, optochin inhibition (ethylhydrocupreine; Difco, Detroit, USA), and bile solubility (10% sodium deoxycholate [Bactidrop; Difco, Detroit, USA]). Pneumococcal serogroups and serotypes were determined by latex agglutination test and the Quellung reaction method using polyclonal rabbit antisera and selected factor sera (Pneumotest-Latex kit; Statens Serum Institute, Copenhagen, Denmark) respectively. All pneumococci that did not react with the available antisera were confirmed as non-typeable (NT). To determine penicillin susceptibility, 1 µg oxacillin disks were used. When the inhibition zone measured ≥20 mm, the result was accepted as resistant according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST) method. MICs of penicillin were determined by using E test strips (Etest; AB Biodisk, Solna, Sweden).
Ethical approval
The local Ethics Committee of Gazi University approved the study (01/2010-63), and the study was conducted in accordance with the principles of the Declaration of Helsinki. Written informed consent was obtained from each parent.
Statistical analysis
Data were analyzed with SPSS software (version 15.0 for Windows). All data are reported as median values (ranges) or as percentages (95% confidence interval (CI)). Depending on the normality of the data, variables were compared with an independent samples t-test or with a Mann-Whitney U test. All categorical variables were compared using the Pearson chi-square test, Yate's correction chi-square test, and Fisher's exact test. Multivariate logistic regression analyses were performed to evaluate the effects of the covariates (i.e., age, sex, timing of nasopharyngeal samples, presence of siblings in the household, daycare attendance, history of acute otitis media, and antimicrobial drug use within the month prior to nasopharyngeal samples) on the carriage of SP and penicillin-non-susceptible Streptococcus pneumoniae.
Results
Description of Sample
The study was conducted on 537 children who were two months old at the initial examination. The followup cohort consisted of 135 subjects (48 carriers and 87 babies randomized from the non-carriers). Forty-nine percent of these 135 children were males. The median number of siblings was 1 (range 0-3) for the study sample. 34.8% (n = 47) of the infants had school-age siblings. The number of infants having at least one sibling was 71 (52.6%). Only one child was attending a daycare center. In cohort group (135 infants) a history of acute otitis media was reported for three children at the beginning of the study, whereas an additional twenty-two children were diagnosed with acute otitis media in the following months. The use of antibiotics within the month prior to first follow-up visit was reported in 10 children, while 54 children were treated with antibiotics in the month prior to the second followup visit.
SP colonization and serotyping before and after vaccination S. pneumoniae colonization was present in 48 (8.6%) of the 537 two-month-old babies prior to vaccination. S. pneumoniae colonization was present in 48 (35.5%) of the 135 infants (cohort group). Among S. pneumoniae NP carrier group 16 (33.3%) of them carried VT, 32 (66.6%) of them carried NVT. After vaccination, SP colonization was present in 31 (23%) of the 135 babies. Among S. pneumoniae NP carrier group (n = 31) after vaccination 6 (19.4%) of them carried VT, 25 (80.6%) of them carried NVT. Pneumococcal strain colonization presence and distribution of VT/NVT before and after PCV7 vaccination in the cohort group is shown in Figure 1 .
Before vaccination, no significant relationship was observed between colonization and seasons (p = 0.91). According to the developed regression model, having more than one sibling Table 1 .
The proportion of PCV7 serotypes declined from 33.3% (16 of 48) to 19.4% (6 of 31) after vaccination, whereas non-PCV7 serotypes increased from 66.7% (32 of 48) to 80.6% (25 of 31). Vaccine serotypes decreased significantly after the conjugate vaccine introduction, with the exception of serotype 23F. Prevalence of serotype 23F was increased from 2.1% to 6.5% after vaccination with PCV7. The six most frequent NVT serotypes after vaccination were 6A (16.1%), 11(9.7%), 33F (3.2%), 1 (3.2%), 10 (3.2%) and 34 (3.2%) respectively. Of the PCV7 serotypes, 19F was the most frequent serotype before (16.6%) and after vaccination (12.9%). Serotype 4 was not identified. Comparing prevalence before and after PCV7 vaccination, 1, 34, 6A and 10 were shown to have increased significantly (p<0.05). The changes in the prevalence percentages of the all types of serotypes (PCV7 and non-PCV7) before and after vaccination are shown in Figure 2 . 
Penicillin resistance of SP serotypes before and after vaccination
Prior to vaccination, 56.3% (27 of 48) of the subjects with pneumococcal colonization were penicillin non-susceptible. It increased to 80.6% (25 of 31) post vaccination (p = 0.03). There was a significant relationship between penicillin susceptibility and history of acute otitis media (p = 0.02) and antibiotic use (p = 0.01). Penicillin non-susceptibility increased among both VT and NVT pneumococci. Before vaccination, 62.5% (10 of 16) of PCV7-included strains were penicillin non-susceptible, whereas penicillin nonsusceptibility increased to 100% (6 of 6) after vaccination. Among non-vaccine serotypes, these rates were 53.1% (17 of 32) and 76% (19 of 25), respectively. Prior to PCV7 vaccination, 1.9% of the infants had used antibiotics. After vaccination, 40% of them had used antibiotics.
Acquisition, clearance, and persistence of SP colonization
Of the 87 babies with no SP colonization before vaccination, 19 (21.8%) acquired SP following the vaccination (new acquisition). Of the new acquisitions, 68.4% (13 of 19) were NVT, of which 64.2% were serotype 6A, 15, and non-typable serotypes. In 36 of 48 babies (75%) who had SP colonization before vaccination, no colonization was observed after vaccination (clearance) (p = 0.025). Pneumococcal strain colonization presence according to being VT or NVT before and after PCV7 vaccination in the cohort group is shown in Figure 1 . Serotypes 14, 18C, 9V and 6B, which were identified before vaccination, never colonized afterwards. This finding supports a vaccine efficacy of 100% for these serotypes. Serotype 19F and 23F persisted in colonization in 4 of 7 subjects after vaccination. Serotype 4 was not colonized before or after vaccination. Serotypes 11, 6A and nontypable serotypes were persistent non-PCV7 types.
Discussion
In this study, we analyzed the prevalence and distributions of nasopharyngeal carriage of S. pneumoniae, antibiotic resistance rates in S. pneumoniae, and new acquisition and clearance after PCV7 vaccination in Turkey. We found that the carriage of SP was 8.6% before vaccination with PCV7. In various studies conducted, carriage rate of SP in unvaccinated two-month-old children is found to be between 14 and 23% [11] . In our study the main factors associated with detection of pneumococcal carriage after vaccination were number of siblings and having sibling with age five or older. In this study, after vaccination we showed a significant decrease in PCV7 serotypes, and the clearance was found to be 75%. A similar reduction in vaccine serotypes was previously reported in other studies [12] .
In our study, we demonstrated that over 80% of strains were NVT after vaccination, and new acquisitions of NVTs were greater than VTs. Among colonizing pneumococcal isolates, PCV7 serotypes decreased markedly (58%). Similar studies indicated that VT was replaced by NVT in the nasopharynx after vaccination with pneumococcal conjugate vaccine [13] . Likewise Keck et al. found that PCV7 serotype carriage declined by 97% after the introduction of PCV7 [14] . Serotype distribution also changes due to some other factors, i.e., antibiotic use, serotype distribution before PCV7 implementation in environment, vaccination coverage of region, etc. However, we regarded the vaccination of children as the most important factor, although we found that household crowding and having siblings over the age of five were independent risk factors for nasopharyngeal carriage. This association has been observed in other studies [15] . If the siblings had been vaccinated with PCV7, this might not have been a risk factor for nasopharyngeal carriage, but the history of PCV7 vaccination for the siblings of infants was not collected in the current study. Most likely, the siblings of the infants in our study had not been vaccinated because PCV7 was not included in national vaccination program prior to the study. Similar to our study, Colins et al. showed that household crowding was associated with pneumococcal carriage [16] .
Several studies demonstrated that the more frequent strain among NVT after PCV7 vaccination was 19A [17] [18] [19] . Because of its high penicillin resistance and its potential risk of invasive diseases, serotype 19A was placed in 13 valent pneumococcal vaccine. In contrast, among NVT both before and after vaccination, 19A did not colonize at all in our study. Serotype 6A turned out to be the most frequent serotype that we observed after vaccination. It has been shown that the NP carrier of this multidrug-resistant serotype is frequent and thus it was added to PCV13 as well. Serotype 1, which is included in PCV13, appeared in only one isolate in our study. None of the other serotypes in PCV13 colonized in this study. This result prompts us to ask if PCV13 vaccination is really necessary to replace PCV7. On the other hand, we can say serotype 6A is the most important reason for using PCV13. Previous studies have suggested that PCV7 provides lower levels of protection against serotype 19F [20, 21] . We also found low efficacy against 19F.
Although serotype replacement has been a concern after the release of the conjugate pneumococcal vaccine, experts hoped that antibiotic resistance would decrease because resistance was highly concentrated in PCV7 strains [22] . In our study, penicillin resistance increased from 56.3% to 80.6% among both VT and NVT serotypes after vaccination. In addition, we found that among PCV7 serotypes, antimicrobial resistance was 100% after vaccination. In the same manner, Finkelstein found that non-susceptibility to penicillin was more common in PCV7-included strains than in non-PCV7 serotypes in a multi-community sample [23] . In our study, all of the resistant strains were intermediate except for one highly resistant strain. Increasing intermediate resistance was observed in Greece as well [24] . The colonization of intermediately penicillin-resistant VT and NVT serotypes continued to increase [25, 26] . The increase in penicillin resistance most probably was related to inappropriate antibiotic use during childhood [27] . In our study, prior to PCV7 vaccination, 1.9% of the infants had used antibiotics; on the other hand, after vaccination, 40% of them had used antibiotics.
The main limitation of our study arises from narrowing down the sample size, which was used as a means of coping with social and economic constraints. Differences may appear more clearly in a larger sample.
The strength of this work was the study duration was long and there was a prospective cohort study before the introduction of PCV7.
Conclusion
We showed a significant decrease in PCV7 serotypes carriage rate after the PCV7 vaccination. Clearance was found to be 75%, and replacement by NVT pneumococci was observed in this study. We also found that household crowding and having a sibling age five or older were independent risk factors for nasopharyngeal carriage. Penicillin non-susceptibility increased in both VT and NVT strains, most probably due to increase in antibiotic usage. Future studies should continue to explore serotype changes and antibiotic susceptibility of new serotypes.
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